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B Y  L .  H .  P.L \I M E L  .\ND ClL\Ulfl'l"l'E :\I . KING. 
In FJOl there was beg 1m1 a study of the germination- of weed seeds 
u11der diffei-ent conditions. It was ob,;cJ"Ved that a large number of the 
weed seeds did n ot germinate freely in the fall . 
ln 1902 an exp eriment was p erformed with both mature and imma­
trn·t� see(ls .  Pl ant i n  gs of t h ese S('( ' tls  \n> re lll <l lle in both fall n n d  spring ; 
the spring planting included both seeds whi ch had been frozen and 
seeds which had n ot hePn frozen . It wns fonnd that seeds o f  different " 
spPcies showed great difference in germ in ation.  In general the results 
of 1902 a n d  r n o:i i n d i cat('  that st rat ification in sa n d  and freezing is 
favorahle  to genn i 11 a t i o 1 1 ; th us .  i n  tlll' :\filhrccd ( " lsclrp ias syriaca) . 
there 'ms no germin ation upon stratification but afterwai,ds 12 per 
n•nt ; \V es1ern H :i gWf' ('cl ( , lm i> ros ia ps ilos tacli ya ) : none lwfon• a n d  18 
per ('.l' l lt ; 1 ftr• 1·\\· n nl ; Lml lh  \: qua l't ( 'l' 1. ('/1 1 1 1 0JJ1 H l i 1 1 1 1 1  u !l1 1 1 1 1 1 ) n o n e  hc·fore 
and 88 p e r  cent after 8tratification ; Cocklebur ( X  anthinm canadc nse)  
none before and 25 per cent afterward. 
Subseqnehtly l\Ir. H. S. Pawcett' made a study of 52 different samples 
of mature "'eed seeds representi n g  52 different speeies.  The samples 
we1·e eollected in September, October and November of 1904. The seeds 
were threshed out and placed in paper envelopes . Fifty seeds of e ach 
sample• were plaeed in sand in boxes in a greenhouse and kept under 
cond itions as nearl y uniform as possible.  The tests 'rnre repeated each 
mon th from November until l\fay and all boxes of the previous months 
left. They were kept moi st dmi ng the winter .  In additi on a large 
nrnnlwr of in'ed c:m11 ples  "· n :-;  pl<1 ( ' < 1d out of doors t o  expose thern to 
the freezing and thawi n g .  the seeds being plaeed i n  8acks i n  a wooden 
box covered with a th i n layer of sand ; the box was sunk in the ground 
not more than a foot below the surface and left there all winter. The 
general e ffect of the thawing and freezing \ms to increase the percentage 
1Pammel, L. H .  Proc. Soc.  Prom . Agrl .  Sci .  24 : 89 .  
'The Vit al it y  of  'Weed Seeds un der D ifferen t  Con dition s  of Treatm en t  an d a 
Study of t he D orman t  Periods. Proc. Ia. Acad. Sci .  15 : 25.  
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of germination and lessen the dormant period, especially true of seeds 
with hard coats ; where the coats were thin the dormant period was 
still less than with hard coated seeds . For instance the dormant period 
of common Pig Weed (Amamn tns rcfro/lexus) was nine and one-third 
days when kept in  packages in  a dry room and only six and one-third 
days after having wintered ont of doors . In the case of ·wild Rye, the 
dormant period was lessened from nine to five days . Iu the common 
,Foxtail ( Sctaria glauca) the average dormant period was lessened from 
eleven to seven and one-fourth days and the percentage of germination 
from 34.5 per cent to 38 per cent, whi le the percentage of germination 
in the ·wild Rye was increased from 22 per cent to 48 per cent and 
the Pig vVeed increased from 40 per cent to 50 per cent . In general, 
the longest dormant period was fouud in those seeds which have the 
hardest and thickest seed coats. 'l'he longest dormant period for the 
Great Hagweed was 152 days ; the Barn-yard Grass, 178 days . In this 
connection it is also interest i ng to observe that .the highest percentage 
of germination for any planting was the common l\/Iustard ( Brassica 
an·cr1S is)  1d1i eh Y» a s  100 a n d  for ilw six plantings .  !J0 . 3  pe1· eent .  
It has been known for a long time that many seeds refuse to germi­
nate until they have passed a period of rest ; Dr. l\/IacDougal3 calls at­
tention to an interesting condition observed in Arizona in regard to 
some of the annual plants in which delayed germination occurs. Nobbe 
and Il anlein . "  who rnaffo a stndy of t h e  weed seeds of  thirty-one dif­
ferent spee i c·s a n d  eon ti 1111ed theil'  experiments for 1 ,17 :� clays . found 
a number of these weeds showed germination after a lapse of 1, 173 
days and among them were Campanula persicifolia; Chelidonium majus; 
Jlysos 1wus m i11i111 Hs : Plan tayo n1 cdia : T'ofrn t illa. ctrg c n tcrr a n d  Tl1 laspi 
arvense. . 
vYinkler' observes that the seeds of Eitphorbia Cyparissias though 
planted in  the spring did n ot germinate in some cases until forty years 
later. He states al so,  that the seeds of Mal71a moscha ta will not germi­
nate in the season of their production . 
·w iesner' states in some cases nine years are rer1nircd for the germina­
tion of Euphorbia exig u a. Ile notes .  also, the well-known fact that in 
the case of Red Clover Trifolimn pratcnse, some seeds ·will germinate the 
3The Course of the Vegetation in Southern Arizona. Plant World Nov.,  19 0 8 .  
Separate 13 .  
'Ueber die  Resistenz Yon qamen gegen d ie  ausseren F actoren der Keimung. 
Landw.  Versuchs-Stat. 20 : 63-96 .  1 87 7 ; the origin al of this paper was n ot 
available ,  the facts are taken from Croeker. Hanlein , Ueber di e  Keimkraft von 
Un krautsamen . Landw. Versuchs-Stat. 25: 4 6 5-470 .  1880 .  
'Berm erkun gen uber  die  Keimpflanzen un d die Keimfahigkeit  des Samen von 
Tithymalus Gy.parissias. Ber Deutsch. Bot. Gesells. 1 :  452- 455.  1 8 8 3 .  
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first year while others later. 'rhc same is true of the Black Locust, 
Ho binia Pse u do-� t cacia and O y tis 1 1 s . Lab1irn 1 1111 . In these seeds the dif­
ferences arc due to the unequal ability of tak ing Up \YUtcr required for 
germ i n at i on .  D el ayed g·emii 1rnt ion w m;  a lso obserwd i n H c s c da l 1 t tea  
a n d  D ia n l/1 u s  ar11 1 c ri a . 0  T h e  seeds of 80 J1 c lrns o l e racc u s  are  sa i d  n ot to  
germinate the  followin g  season but to do so at a later p eriod . -Wi esner' 
found in the case of Yiscmn alb1im, that the seeds would germinate only 
sparin gly in the fall bnt readily i n  the following spring ; that these seeas 
have dormant p eriods of at least s i x  mon ths and that light is  favorable 
for their germinati on . 
G i fford i s  authority for the statement in the case of the White Pine 
that  a few seeds w ill germinate the first year, a l arge number the second 
and a few the third. It i s  well known that cones of the Jack Pine often 
hang on the tree for twelve or thi rteen years-according to Sudworth' 
seven to nine years ; also that when a fire passes through , the cones burst 
open and the seed is ready to germin ate . In many eases the seeds of 
forest tr ees will germin ate better after being subjected to freezing ,  or 
i n  other ca ses endure frcc'zin g lmt germinate  (1ui te as well if not frozen . 
}fany of th e se eds of our common Red Cedar will not germinate the 
first season. 
How long some seeds will retain their vitality has never been definitely 
determined for many species , although we have accurate data for many 
seeds, particularly the exhaustive work by DeCandolle . °  It was found 
by th is author that out of 868 seeds kept dry i n  air for fifteen years, 
only a small number-17. were e a p a bl e  of germinati ng-.  Of these, five 
specirs of Jllalvaccac,  0 speci 1's of T,rg 1 1 m i n osac ,  n n d  one Labia t a r: .  The 
experiments of Beal'0 are of i nterrst in thi s connection . 
In 1879 ,  Dr.  Beal selected 50 freshly grown seeds of each of 2 :� dif­
ferent kin ds of plants . The seeds were well mixed with moderately 
moist sand ; the mixture was then pl aced in a pint bottle, which was 
left uncorked , with the mouth slan t i n g- downward so that no water 
could collect nbont the seeds. 'rhe bottles were then buried three feet 
bel ow the surface in a sandy k n oll an d at th e end of 5, 10,  1 5 .  20, and 
'Biol .  der Plan z en ,  4 5 .  
'Ueber d i e  Ruheperio de u n d von e 111 1 ge Keim u n g-s b e d i gu n gen der Samen 
von Vise um album. Ber. Deutsch Bot .  Gells .  1 5 :  505 -515 .  189 7 . See Kien itz.  
Bo t .  Centralb.  1 :  53. 
'Bull . Div. of Forestry, U. S. Dept. o f  Agr . ,  2 9 : 35 . 
"Su r  la Duree relative de la faculte de germ er Ann . Sci .  Nat . III, 6 : 3 7 3 .  
1 8 4 6 .  Physio logie vegetale 2 :  6 1 8 .  
"Proc .  Soc.  Pro m .  Agrl . Sci .  2 6 : 89-1 9 0 5 .  
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23 yea !'s, sets of seed \\·ere tcstPd for v i ta l i t>· · The foll owing results \\·ere 
obta ined : 
Xame of ::-lee�1s Testeti as Know11 in 1870 I _·' yr. / 1 0  yrJ ��T / 20 yr. 2.) yr. 
Amarant h us ret rofiexus . . . . . . . . . . . . . . . . . . . . .  . 
Ambrosia art emisimfol ia  . . . . . . . . . . . . . . . . . . . .  . 
I I I + + + + T i i 0 0 0 0 0 
Braasica n igra . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Brom us secalinus .. . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Capsella Bu rsa-past oris . . . . . . . . . . . . . . . . . . . . . . 
Erecht h it es h ieracifolia . . . . . . . . . . . . . . . . . . . . .  . 
0 + + + + 0 0 0 0 (} 
+ 0 + ! + + 0 0 0 0 0 
Euphorbia maculat a  . . . . . . . . . . . . . . . . . . . . . . . .  . 0 0 0 0 0 
Lepidium virgin icum . . . . . . . . . . . . . . . . . . . . . . .  . 
Lychn is Git hago . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
+ + + + + 
0 0 0 0 0 
Marut a  Cot ul a  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
;\;falva rot un d ifolia . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Oen ot hera bienn i s  . . . . . . . .  ." . . . . . . . . . . . . . . . . . .  . 
+ + + 0 + 
+ 0 0 + 0 
+ i + + + + 
Plant ago major . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . () I) + 0 0 
Polygon iu m  Hydropiper . . . . . . . . . . . . . . . . . . . . .  . 0 + + + + 
Portulaca oleracea . . . . . . . . . . . . . . . . . . . . . . . . .  . 0 + + + + 
Quercus rubra . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 0 0 0 0 0 
Rumex crispus . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . + + + + 
Set aria glauca . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . + + + 0 + 
St ellaria media . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . + + + + + 
Thuja occident alis . . . . . . . . . . . . . . . . . . . . . . . . . .  . 0 0 0 0 0 
Trifolium repen s  . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 0 0 0 0 0 
Verba:scum Thapsus . . . . . . . . . . . . . . . . . . . . . . . .  . + ? + + 0 
It was found that 8 out of 22 fa i led to germinate . All the acorns 
\Yhich were not placed in bottles wen� dead in two years . 
Prof. L. R \Valdro11 1:· records some valnable l�xperimcnts with buried 
seed of seven different common weeds . 
In fall of 1889 ,  these were planted in a seed-bed out of doors at depths 
of 1, 2 ,  3, 4, 5, 7 and 10 inches. 
During the same fall Shepherd 's Purse produced a few planti!I at 
depth of 1 and 2 inches ; French weed 25 plants at 1 inch ; wild mustard 
many plants at 1, 2, and 3 inches ; wild oats several plants at 1, 2 and 
3 inches. 
During 1900 the seeds eontinned to germinate and it was true of them 
that the small weed seed did not come up through 2 inches of soil ; 
no seeds buried below 3 inches germinated except Kinghead or Great 
Hagweed and wild oats, which came up through 5 inches of soil. . 
These data were furnished for the following weeds : Shepherd 's Purse, 
Frenchweed, Green Foxtail, Kinghead, ·wild Mustard, Wild Buckwheat, 
Wild Oats. 
*Bull. 6i,  N. Dah. 1llvp. Sta., p. 439-445 .  
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B ! · <:q 11 1 • 1TI " 1'xtt · 1 1ded the  obsenat ions  of DeC a ndolle by removing the 
i n 1 ! ' .l! u rn e n t s  stni l i z i n g' .  and w ak i n g· the seeds and keep i n g  them i n  moist 
cotton . 
Of the 050 speeies studied by him, belongin g  to thi rty orders of plantlll, 
the age of seeds varied from 25 to 135 years. The seeds from the 
foll owi ng years germinated : A car:ia b icaps1 laris from 1819 ; Cy tisns 
bifioru s  of 1822 ; Trif olinm arDcnsc of 1838 ; Er nun lens of 1841 ; Doli­
chos fu 11 ari11s of 1868 ; Nclwnb i11m codopli yllmn of 1850 ; N. asperifolium 
of ltL18 ; X. spcc ios m11 of 1888 ; and Lavafr m psc 11 do-allr n  of 186:2 .  
:\one of the oM seeds of the fol lowing orders g·ermin atecl ,  J1rncaccac .  
Liliaccac,  Chr:rwpocliaccac,  Papavcrnccnc,  Caryophyllaccac,  or Cucurbi­
taceac.  
Reeently A .  ,J . E wa rt" lrns  published an exhaustive work on the 
longevity of seeds . A large number were tested and the reeords of many 
are 1nven. It would seem from the work of E wart that many 8eeds 
have a prolonged vitality ,  some upwards of 50 and 8 0  years . A few 
of th!' resnlts of h i s  strnl i es a 1· c :  g·iven hen· : 
"Ann. cl. S c i .  Nat. Bot.  IX, :> :  Hl3<l 2 0 .  l fl 0 7 .  Corn pt .  Rend.  del 'Acad. . d e s  Sci .  
142 : 1549.  
"Proc.  Roy. Soc .  o f  Victoria. 2 1 : 1 pt. 1,  1 .  1898 .  
• 
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- -----�---.,===-cc--_cc-====-=--=-�--=-=---=-=-�--==--�---- --
Name of See<l Years Old 
No. of 
Seel ls 
Percent­
age of 
I
i Gei·mina­
t1on 
M alvaceae- I I ' Abutilon avicenme . . . . . . . . . . . . . . . . . . . . . . . . . . G7 4G i () Var. Behriana . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1' 
l:���;����
r
��r��ce�� · ·. ·. ·. ·. ·:. · .:. ·. · .  · . ·. · .  ·:. · . ·. ·. ·. ·. ·. · · - - - -�r-- - ! ========== · ----�r---
Leguminosae-
Acacia diffusa . . . . . . . . . . . . . . . . . . . _ . . . . . . . . .  . 
Acacia penninervis . . . . . . . . . . . . . . . . . . . . . . . .  . 
Cytisus albus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Mel ilotus alba . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Melilotus alba . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Nymp haeaceae-
Nelumbium luteum . . . . . . . . . . . . . . . . . . . . . . . .  . 
Rhamnaceae-
Ceanothus Americanus 
57 
57 
Gl 
44 
� --1 1  
15  
. ' 
32 
1 5  
54 
250 
1000 
() 
20 
!) 
1 3 . 3  
78 
52 
1 8 . 2  
()3 
0 
( Cruciferae-
Brassica alba . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 1 1 5  0 
.. 
• 
Comp osttae-
Cichorium intybus 
Hel ianthus annuus 
Gramineae-
Triticum vulgare . . . . . . . . . . . . . . . . . . . . . . . . . .  .
Zea Mays . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . 
Brom us mollis . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
1 1  
1 0  
10 
1 0  
'l' H E  PROLONGED VITALITY OF SEEDS. 
100 
20 
1 00 
100 
250 
50 
0 
71\ 
3() 
0 
The explanation of this must be sought not only in the structure ,of 
the seed coat but in the amount of respiration that is carried on at least 
at times and depends on external conditions and lastly upon certain herit­
able qualities. One i s  perhaps not very far wrong in concluding with 
Ko�kwitz13 that respiration is not essential to continue the vitality of 
seeds since many seeds will not lose their vitality by prolonged heating. 
Thus Pouchetu states that the vitality of the seeds of JJ1edicago sativa 
was not destroyed when heated with steam heat for four hours ; and 
Haberlandt" found that a large number of seeds of sixty-four different 
species did not lose their vitality after having been heated to 100 degrees 
C. for forty-eight hours . Among these we may mention some of the -
seeds of Oram inr:ae, Lrgnminoscar: . C11 c 1 1 rbitaaae.  c t e .  Such seeds usu-
"Berichte d . Bot. Gesell. 19 : 285 . 
"Compt rend . 6 3 : 9 3 9 .  
"'All gem. Land. -u .  forstw. Zeit. 1: 389 .  
Utersuchungen auf dem Gebiete des Pfianzenbaues. 2 :  7 9 .  
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ally germin ate more rapidly than the untreated. 'rhe ·whole subj ect has 
been d iscussed by D etmer." 
Schroder" has shown that barley containing only two per cent of water 
germinated ·well after an interval of twelve weeks. ,Jost18 c alls attention 
to the fact that seeds of the grass typ e  which can withstand thorough 
dryin g as a rule retain th eir powers of germination only for a limited 
number of  years. " 'Wh at the Jinn; of germin atin g  power depend on 
in the long run i s  not known, b ut when we reflect that gradual altera­
in g· to r c cl n c r'  ilw i t· sol u b i l ity. \\"C may conclude tl rnt specific pro­
toplm:rn i c  bodi es r n 1 <lcr!-'-O as t i nw goes on . alkrat i on s cal cul ated to 
render them functionless.  At all events it  is  qui te out of the question 
to suppose that death of  the restin g seed is brought about by using up 
reserve substances in respiration . 
'rhe w riter some years ago made a test of eoru kept under different 
condit i ons. (hw :'<< l n pk wh i l"1 1  g·cffmi;1atcc1 100  [H ' J" < · .:nt early in ihe 
sprin g· .  in th e < '.o m·sc of  two months ,  s ubjel 't  to ·[ lH � vmi o m:  ch anges of 
the we ather , d ropped t o  66 per cent. In an oth er sample kept_ in the 
laboratory. the gc·rmi rn1 t i m1 dmiJi g the ea rly spri n g  was :JS pel' crnt ; 
kernel s t aken from the same c a r  two months later dropped to 80 per 
cen t .  The loss in vital ity here was undoubtedly due to the absorption 
'of moisture a n d  resp i ra tory changes that occurred in the seed, and 
Ewart1" suggests that lon gevity depends not on food materi als nor seed 
coats but upon how lon g the inert proteid rnolceules into whi ch the 
living protoplasm disi ntegrates when drying, retain the molecular group­
ing whi ch p ermits of the i r  re-combi n a tion t o  form the active protoplasmic 
molecule when the seed is moi stened nncl supplied with oxygen. 'l'he 
same author further demonstratud'" th at ' ' seeds capable of wi thstanding 
thorongh drying assume a perfectly dormant condition in which they 
do JJ Ot H'�J! ire :m(1 ar<' not l ivi n .�· ;1 J i l 1owd1 the:v li nve a power of n •:.;tor­
ing life potential in them for a l onger 0 1· shorter p eriod of years . ' '  1\nd 
Becquerel coneludes tlrnt only those seeds c:m preserve their vitality 
whi ch have thick coats and are imp ermeable to water and oxygen and 
do not have a large nmo nnt of oxydizable reserve m atter. Thi s eonclu-
'"Vergleichende physiologie  des Keimungs11rocesses de r  Sam en.  1 0 2 .  
See also paper by E dwards a n d  Colin, Ann. d.  Sc.  Nat. Bot .  1:  2 6 4 .  1 8 3 4 .  
Sachs Handbuch d .  Experimental phys iologie d.  Pfianzen. 66 .  
"Unters bot .  Inst. Tu b ingen. 2 : 1. 
18Lectures on Plant Physiology, Eng. Trans. by Gibson. 3 4 2 .  
"'Proc .  Roy. S o c .  o f  Victoria.  21 : 184 ,  1 p t .  
'°Trans Liverpool B i o l .  S o c .  8 :  2 3 4 .  1 8 9 4 .  
i 
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sion,  however, i s  incorrect, as Ewart states , because the long-lived seeds, 
and many of them have starchy materi al, are found in the Legwninoseac . 
Some years ago one of ns" made a study of the seeds of leguminous 
genera foun d in G ray 's J\Ianual. It was found that nearly all of the 
seeds studied had a cuticl e,  especially pronounced in the Jlinwseae, 
Carsa lpi n ie a e  and most o [  t h e  Papil io naccu c .  :\Iany o f  the seecls are 
known to have an especial l y  long vitality . 
It has J ong been known that some of  the seeds of the Lcy llnti n osae.  
especially clover ,  will n ot germinate the same season that they are 
planted. The best seeds of the reel clover are the purple, these are also 
the hardest. Hiltner" was the first to show that when hard seeds of 
clover are treated with snlphnrie ac id  they germin ate after treatment. 
Jarzymowski, "' E wart and others have shown that such treatment h astens 
germin ation . D ergetheil and D ay" and :Hi ss -White" have shown that 
the cuticle is impermeable to water. 
It has long been known that certain paired seeds like the cocklebur 
will not germinate the same season . 'rlie cocklebur seeds were first 
carefully studied by Arthur'" who found that generally the germination 
of one seed is delayed although both may germinate the same season. 
:\ohl w and 1 ! a n l e i n  's  01J,.;pnatio11 o n  sonw w e e ( [  seecls shm,· the same 
facts. 
.\K EXP.ERIJ\IE�'l' WITH SOME IOWA WEED SEEDS. 
In 1906 an experiment was started with 130 different kinds of  weed 
seeds. The seeds were mature so far as we could tell . They were 
placed in p aper p ackages and left in the 1aboratory. Plantings were 
made as follo\vs : November, December, January, March and April. 
A second set of  samples of the same \reed seeds of 130 species \YRS placed 
in l inen sacks.  covered with earth and buried s ix  inches i n  the soil. 
They were thus subj ect to the varying conditions of an Io\va winter. 
These seeds were carefull y removed in April and planted with the other 
samples for comparison. The tables are too long to produce in this con-
"Pammel, L. H. Trans. Acad. Sci . ,  St. Lou is , 9.8!l . 
"Arch. aus d. biol . Abt. f. Land u. Forst. Wiss. :1 : 30, 1 9 0 2 .  
'"Inaug. Diss .  Halle. 1 9 0 5 .  
"Ann. of Bot .  2 1 : Jan., 1907 .  
"Proc. Royal Soc. Victoria. 21 : 203 .  
'"Proc. Soc . Prom. Agrl . Sci . 16 : 70. 
"Ueber d ie Resistenz von Samen genen die aussern Factoren der Keimung 
Landw. Versuchs. Stat . 2 0 :  63 .  Ueber die Keirn kraft von Unkrautsamen. 
Land w .  Versuchs Stat. 2 5 : 465 .  
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nection . The germination of a few typi cal illustrations may be brought 
together in the following table. 
PERCENTAGE OF SEEDS GERMINATED BY MONTHS. 
Name of \Yeecl 
1. Abuti lon Theophrasti 
2. Amaranthus graecizans . . . . . .  . 
3 .  Ambrosia artemisirefolia . . . . .  . 
4. Arctium Lappa . . . . . . . . . . . . .  . 
5 . Apocynum cannabinum . . . . . .  . 
6. Brassica arvensis . . . . . . . . • . . .  
*Cicuta maculata . . . . . . . . . .  . 
!J .  37 . 3  1 1 . 3  28 . 6  ' 27 . 7  \ 37 . 3  36 . 
0 . 3  2 . 6  . 66 o ! 10 . 
I 
7 . 3  32 . 
n . 2  8 .  8 .  7 . I 7 .  26 . 21 . 5  
10 . G .  1 . 5  1 . 33 1  2 .  2 . 6  . 42 
•i4 .  12 . 25 4 .  _ _ _ _ _ _  : 2 .  I 46 . 54 . 
� -3 . G  30 . 3- L 33 . 1 9 . 52 . 44 . 
7 .  
8 .  
9 .  
Cassia Chamrecrista . . . . . . . . . . Jn.  3 13 . G  
20 . G  
13 . 3  
l !i . 3  3 .  2 .  
2 . 6  1 9 . 3  1 5 . 3  
8 . 6  
3 .  
l G .  
1 3 . G  
2 .  
33 . 
44 . 6  
34 . 6  
57 . 
39 . 3  
1 1 . 3  
32 . 
45 . 
28 . 
36 . 
35 . 7  
3 1 . 5  
1 0 .  
11 .  
1 2 .  
1 3 .  
14 . 
1 5 .  
16 .  
17 .  
1 8 .  
1 9 .  
Chenopodium album . . . . . . . . . , 22 . G  
Cirsium lanceolatum . . . .  . . . . . . 1 4 .  
Echinochloa crusgalli . . . . . . . . 4 .  G 
Lactuca Canadensis . . . . . . . . . . 0 
Melilotus alba . . . . . . . . . . . . . .  . 
Plantago major . . . . . . . . . . . . .  . 
Polygonum pennsylvanicum . .  
Pan icum capil lare . . . . . . . . . .  . 
Rumex crispus . . . . . . . . . . . . .  . 
Setaria glauca . . . . . . . . . . . . . .  . 
Verbena urticrefolia . . . . . . . .  . 
• )  
· > .  
4.ii 
1 -i . 3  
1 7 . 
2 . 6  
4 .  
9 . fi  
9 .  1 .  20 . 6  
4 .  3 .  8 . 5  
. 50 7 .  2 .  
2 . 6  6 . G  2 . 5  6 .  
0 . G  8 . ;y  0 , 1 .  0 
. �01 1 . 3 1 . 5  5 . 5  
8 . 6  
1 8  . . 'i 
10 .  
5 .  
5 .  2 . 6  1 1 .  8 . 5  
l . ;j  
1
1 2 .  : 15 . 4  1 2 .  
'i . 5  . 66 !  50 . 5  32 . 
i .  . m; I  4 . 5  5 . 3  I 
-
-
--
--- - ------ - ---- -------� ·- - -�-�--- -
The foregoing table further illustrates the differences c aused by freez­
ing in the germin ation o f  weed seeds ; for in the most cases ,  the germi­
nation was greater a fter the seeds had been subj ected to thawing and 
freezin g  than when kept in p ackages in a dry room . Of the November 
plantin g , November, 1 908 , of a total number of 65 species ,  four sp ecies 
failed to germinate ; of 60 species i n  December, 48 ; of 63 species in 
January , 44 ; of 62 species in March, 27 ; of 59 species in April, 46 ; of 
the seeds exposed to the weather,  64 species, 24 failed to  germinate . 
The seeds of many of the weeds germinate m a very irregular man­
ner. A few may be given to illustrate thi s : 
*No results. 
.- -
-�-
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PERCENTAGES BY MONTHS AND YEARS . 
Name of Weed 
--- --------- ----- ----- -----1 - - -, --- 1 1 [ April 1st 
' ' l I , Subject· Nov . I Dec . I Jan . March April ed to 
I ,1' I ! I Freez-1 ' _  _ - , _ I _ r n g  
·1' � 1- � 1· � 1 1 1 � 1- � 1 § 1 � 1 � 1 � 1 § 1 1 ' � 11 � 1 � ,1 1� 1- � : § '1 � 1 � ! i · § l l  - ...... ...... ..... _ ...... - ...... ...... ...... ,..... - ...... : - ..... - 1 - - - ! - ...... , - 1 .- 1 - -- -- - - - --- - - , -----,-c-, ·-1 - ·- - -- 1 - ---- - 1 - -- 1 
Amaranthus _ rctroflexu s ------------ 132 G 11 12 � 1 88 1 10 11 2 2 4 12
-
o_ j o G l26 4 __ 1_12 28 10 0 1 26 22 G2 30 
B H !en s tronclosa --- ---- ---- - - -- -- -- -- - 8 4 4 O 2 i  O 6 [ O O 2 1  0. O O O S O O 6 __ O• 2 86 68 1 2 
Dntu ra s tramo n i u m  - -- -- - - - -- -- - - --- o 22 100 _ _ o 1 30 ! 70 j -- O :J2 20: .. O 22 40 __ 1 o 26 46 __ I __ 28 70 1 __ 
Helennun autn rnnale - ---- -- -- - ---- - - - _ _  2 o _ _  , __ 6 '  O [ - - _ _
_ 
6 o __ _ _ _ _ o _ _ j __ 4 __ __ l __ 4 __ _ _ 
Lep i ,l inm a[)etalum - -- -- -- -- ---- - -- -- - 82 [14 1 22-_ 1' 32 , 6 1 1 24 1 - - 4 0 36 ! 2· _ _ 28 9 1 -- - - 1 54 1 9 1 .:;s - - 1 0 186 32 --Pnsti�acn. s n t iva - - - -- - - - - -- -- - - -- -- -- - _ _ 2 _ 36 to
-
� � 1
_
10 68 !201 - - • G I 01 8 1 - - _8 52 20 - .- 1 z2 62 14 1 - - 4_8 92 98 Setnrrn VIr Hl !S  - -- - - -- -- -- - - - - -- --- - - -- - �2 14 , 1()1 O _ Gu , 34 , - - j 0 18 28 1 21 2 6 nO 0 8 82 1 1 0 4 o , 38  66 6 0 Sonchus olcraceus - -- - - -- -- -- - - -- - - --- o2 2 1  2 --
_
42 1 261 G j - - - - 2 1  o 1  _ _ _ _ O 2 - - Sj 6 2 -- : - - 38 8 1 --
The resnlts of these tests seem to indicate the nnccrtilinty ·with refer­
ence to the germination of these variou� specis of plants. It has been 
,. shown by Dr.  Beal23 that certain · seeds when buried soon lose their 
vitality. This was true of Bro m ns sccalinlls and Duvel" has shown this 
to be trnc also for some sc•r:tls stml i l'cl h.v hi m .  Th e average germination 
in buried seeds was as follows : Original tests, 6 3 . 2  per cent ; control in 
chamber, 57 . 5  per cent ; control in greenhouse, 5 3 . 2  per cent ; ·buried 6-B 
inches, 2 0 . 3  per ( 'Pnt : lmrirc1 18-22 i n chrs 2 G . 3  per ee11t ; bnr icd :r n-42 
inches, 3 1  per cent. This writer also indicates that there was a con ­
siderable loss in the vitality of seeds with hard coats like Lcspcdeza and 
JJ1cdicago. For instance, in the case of red clover , seed harvested in 
thr r n rn c  yen r ,,· ;1 s planted i n 1!102,  gnmin ated 2 .  4, and 4 per cent for 
the three cliffcrent depths of 6-8, 18-22  and :36 -42 inches. The hard seed 
in the clover remained over in the soil. He concludes that the seeds 
of  cultivated plants with bnt few exceptions lose their vitality when 
bmicd in the soil . That seeds of the plants commonly designated as 
weeds retain their vitality remarkably well when buried in the soil . 
vViesncr'0 states that the seeds of Pontcclcr£a crassipcs, JJJayacca fliwi­
ati:lis, II c teranthcra will germinate in vrnter if previously dried out in 
the a ir, according to F' . :\full er'"  and accordi n g  t o  Bohrn " "  Pli asrolus 
m11 l t ijlonu;  will not germinate in the nbsem·e of l ime salts . 
28Bul l .  Mich. Agrl. Co l .  5 :  1884 .  
"The Vitality of Buried Seeds, Bull .  B .  P .  I .  TT . S .  Dept . of Agrl . 83 .  
'°Biol . der Pflanz . 4 5 . 
"Cosmos. 7 :  183 .  
"Sitzungab. d . Kais. Akad. d. Wis. Wien. 71 .  
See also Stohman Ann. d . Chem. u .  Pharm. 1862. 121 : 3 1 9 .  
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lt may be a<lded that �d10fo·l d ' ' found that the seeds of Z i.zrlilia aq ual­
ica soon lose tkir vital i ty if exposed to the air  and that they germinate 
only when kept in  moist earth or mud. .:\Ir . J. J. 'l'homber " finds that 
with seeds flooded to a depth of 12 inches for a period of 30 days, there 
were obtained germinations as follo\\'s : B ermuda grass 42 per cent, 
Johnson grass 45 p er cent ,  8esb ania macrocarpa 75 per cent . \Vhen 
cxtendc(l to  iiO clays, Bc:1·1mllla grnss gc:rmirrnted 14 pee (• e n t ,  .Johnson 
grass 2 3  per cent. After submergence of 21 d ays, radish, rutab aga, 
sugar beet and tomato seed gcrminated 100 per cent, cabbage and celery 
seed 75 per cent, and \\'Hier melon : i :; per (' eni . 
'l'herc may be mentioned in connection with studies of germination 
under i nduced conditi ons, th e  experiments of Italo G i glioli"'' who has 
shown that latent vital i ty may occur in seeds >rhen surroun ded by gases 
a'nd liquids. 'l'hc seeds of  alfalfa when in n itrogen dioxide for 776 
days germinated 43 per cent, sulphurcttcd hydrogen 976 clays germi­
nated 58 per  cent ; arseniurettccl hydrogen 802 days ge rminated 87 per 
cent . The scecls  m�re n i r  clry an d placed in bulbs .  In regard to l ic1uids 
the results are surprising, methyl alcohol 841 days, p er cent of  germi­
nation 1 9  per cent ; carbon disulphide 405 days per cent of germination 
6 3 . 2 .  Moist seeds kept in oxygen and in nitrogen protoxide do not 
germinate. Alcoholic solution of iodine 382 d ays, per cent germination 
1 . 5 ,  alcoholic soluti on of potassium bromide 757 days 68.4. Giglioli 
re-examined the seeds of alfalfa which had been kept in the g ases and 
liquids during this time ; Hydrogen 16  years, none germinated ; wheat 
and cynara gave the same result . ·with chlorine and hydrochloric acid 
gas. seeds of alfalfa J G  years . :; m onth s a n d  G days old, (i .72  p er eent 
germinated. Alcoholic solution of sulphurctted hydrogen , alfalfa 1 5  
years, 9 months, 1 5  days, 7 . 0 3  p e r  eent germinated. 'l'hese experiments 
seem to show th at seeds may retain their vitality when all respiratory 
exchange i s  completely prevented for a long series of years. 
To test the vital i t,\' of clover seed gathered in the year 1905, the 
following experiment was conducted ;" the seeds were treated with hot 
water, dilute sulfuric acid, concentrated sulfuri c aci d and,  in one case,  • 
by scratching. 
"The Viability of Seeds. Plant World 11 : 158 .  
3''Latent Vital ity of Seeds. Nature 5 2 : 5 4 4 .  Action of Gases and l iquids on 
the Vitality of Seeds. 3 5 :  328.  
G azette C h i m i c a  italiana. 9 :  19 .  1879 .  
Gior delle staz sper, ital . 8 : 199 .  1874 .  
3'This experiment was conducted by J. R .  Campbell under our direction. 
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PERCENTAGE OF GERMINATION AFTER TREATMENT. 
Check-
Purple, ' 06 . 
Yel l o •y ,  ' 0 6 . 
PurjJ le , ' O D . 
Yellow,  · o g . 
Ho t Water-
Purple, ' 06 . 
Yello •.Y, ' 06 . 
Purple, ' OD . 
Y el l o 1Y ,  · o g . 
Su lv lwric acid-
Purp le ,  ' 06 . 
Yello w ,  ' OC . 
Pnrple ,  ' 0 9 . 
Yell e •.\·, · o g . 
S u lp h u ri c  acicl,  2 min.-
Purpl e ,  ' 0 9 . 
Scratclw ll-
Purple,  ' 06 . 
Yello •_·: , ' O G . 
No. !\ ') l -�-� 
Pnrn:e ,  ' !) '.). 
Yel l o ,. : ,  · o :  . .  
No. �lj-
P u r p l e ,  ' () '.J . 
YellmY ,  · 0 �:1 . 
No . 11-
l'-eJ ] O \\" , · o , , . 
- - - ----- --- -- - --- -- ----
· 1  - !  
· j  
Germina­
t ion in 
2-i Honrs 
i i  
1 4  
" 
• )  
0 
() 
() 
() 
I I  
0 
l 
4 
'.! 
() 
] 
.y � )  
. ) 
:! l  
• ) • )  
• I •_> 
29 
Gennina- j Germina- I 
tion i n  tion in I Final +8 Hom�'� ; ·� Honr� --
R H 1,) 
:1 l l 12 
90 "'".J :ll)  30 
4li fl 48 
0 0 1 
0 I) 0 
(1 1 1 
l 2 2 
l 4 G 
2 7 1 0  
,_, _  ., , 42 42 
1 7  1 8  rn 
" 10 12  
., 1 1  1 4  
" 9 9 ,_, 
•)•:0 · Id L�:2 42 
:10 3G 36 
30 3G 33 
3D 30 40 
30 41 41 
3 1  
Fndonbtecll y the h an1 dover seeds as well as the hal'd seeds of other 
plm1fa arc fol' the purpose of tiding the seed over unfavorable condi­
tion s .  It has been -well said by Mr. E wart, " l\facrobioti c seeds arc all 
seeds which show no esp ec i al adaptation for dispersal. None arc w ind 
or water borne and although some are more or less acci dentally dis­
trihntcd by animals. adhesive seeds or fru its arc conspicuously absent 
among them . Tl.iey a r c ,  i n  fa ct, distributed in  t ime instea d  of in space.  
• Fall ing to the gronnd beneath or close to the p arent plant , a few are 
immedi ately gcrmin abl c bnt others onl y after l on g  periods of years or 
after special actions have 1J C' ('n brought to bear upon them . ' '  
'l'he case is,  howlwcr, V()l'Y different with many seeds that are found 
in low damp situations l ike the  wi llow and the cottonwood and the soft 
12
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maple . 'l'hc seeds fall  on the clamp earth or m ud and here the condi­
t i ons arc favorable for i mmediate germin ation . 
'l'hc seeds of the ash and horn-bean begin to germinate the year after � 
they ri pen ; i t  i s  also known that the seeds of many trees and some 
shrubs which mature early in the season do not retain their vitality for 
germi n ation a great len gth of time.  'rI1e followi n g  experiment was con-
dnC'ted with the common soft maple  (A ccr saccharinwn ) .  
On June 3d  the  sa m aras of thP  spceil'S were beginning to fall from 
the trees . They were collected and kept under different conditions as 
follows : A large number of seeds were stored in the cool ing room of . 
the college creamery at 45 degrees :F' . ; anothP.r sample was left in the 
l aboratory exposed to dry atmosphere ; still another s ample was left in 
a pasteboard box between folds of damp cloth ; another was placed in 
damp sand immediately after being- picked from the ground . 
• 
... 
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Some weed seed l i n gs. 
l .  X a n t h i u m  C 'anadense.  
2 .  Brassica n i gra .  
� .  A _rct i u n1 Lappa.  
� .  Scrophu I n  r i a  nodos: 1 .  
;) .  E u p a t o r i u m .  
6 .  C i rs i u n1 I ;:i n ceoln t u n1 .  
7 .  Nepeta c a t a ria. 
s.  Sol i cl n go r i gi cl a . 
9 .  C h e n opocl i u m  a l b u m .  
14
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Kirnl of :-\e('<l ancl Treat mt ·1 1t  ; Col - I Ph_mt- 11 Jt>< "fPtl ! eel 
i 
Da)·s Dormant 
I I 
- 1- - - -
Soft Map le- / I 
1. Placed in damp cloth ; be- I / came slightly mouldy . .  j 6- 3-09 6- 7-09 7th day, 2 ;  8th, 23 ; 9th, 7 ;  
I I 1 0th, 2 :  11th, 6 ;  12th, 2 ;  I 
I 13th, 1 : 14th,  1 ;  1 5th, I 2. Pl
_
aeecl in 1iaste board box j  2 ;  16th, 1 ;  22d ,  2 . . . . . . . .  J
111 l aboratory and kept j I I 
dry . . . . . . . . . . . . . . . . . . .  j 6- 3-09 j 6- 7-09 8th, G ;  9th, 12 ; 11th, 4 ; J 
·I I 1 2 th, 3 ;  13th, 2 ;  14th, 1 ;  I 
I I 1 stb,  1 ;  11th, 1 . . . . . . . . .  1
I I I 
3 .  Picked from the ground . j 6- 3-09 1 * I 9 t h .  1 ;  10th , l :  11th , 4 ;  I 
I I 1 2th , S :  13th , 6 ;  14th, 1 ; 1 · L  Ke[Jt i n laboratory and al- I I J 5th, 1 ;  1 6th , 3 ;  17th, 3 ;  I 
l o w ed to dry out .  Seeds [ I 1 ;<th , -! ;  :! 1 st, 2 ;  22d, 1 ;  I 
had become murh more l I :;6th .  5 . . . . . . . . . . . . . . . . - I 
shriveled than the,- were j I I I 
i n  samvle Xo. :!, but j ! 1 I st i l l  gTeen . . .  _ . . . . . . . . .  j 6 - 3 -09 j 6-18-09 1 l l t h .  J O :  1 :: t h ,  ::\ ;  J 'ith, 4 ;  I 
I I I rnth, l :  20th, 1 ;  2 8th, 1 ;  i 
I I ; 2 9 1 h , 1 . . . . . . . . . . . . . . . . .  1
'" Seells l'o l ledecl from the I I · I 
grou n d .  In fairly goocl J I I 
condit ion . The co iy le- [  I ! I 
dons ·were green . . . . . .  l 6-1 S-09 j 6-18-09 i Ith .  1 :  8th , 3 ;  9 th , 2 ;  10th , [ 
I I I 2 :  1 1th,  1 1 ; 13th,  3 ; 1  
G .  Kept i n  laboratory . Sam e j  I Hth, 2 ;  15th, 1 ;  16th, 1 ;  I
c o n d i tion as No . 2 .  Seeds I I '.?0th , 1 . . . . . . . . . . . . . . . - 1 
had become Yery much j I I 
shriveled and dried ont [ 6 - 3-09 1 6-26-09 1 3th , 1 ;  1 Gth .  l ;  1 1th, 1 . .  '
I I 
1 .  Seerls kept in  c· oo l ing j ! 
r o o m  at 1 he cream en· at I 
the fol l ow ing  tempera ! 
tnre : -!5°1'�.  Seerls s l i gl1 t - I  
1 :-,· sh rivel erl !J u t  th e rnt)-. i 
J p ;]ons green.  Plan t s !  
are not  m o n l rl y  . . . . . . .  I . . . . . .  l 1-
1 I 
I 
1-09 , 6th, 1 ;  7th.  O ;  8th , l ;  9th , I 
6 . 1 0th, 6 . . . . . . . . . . . . . . .  [
•)•) 
'-' '-'  
7 5  
5 8  
4 0  
4 2  
6 
28  
I -�I __ _ ____ _ _  !__ 
It n p p l' a rs from tlwsl' t ests that the soft maple having a very thin 
seed < •oat docs not rl'taiu  i ts vitality for  a great len gth of  time because 
the los,.; of \rntcr is very rapid.  G ermination may be delayed by keeping 
the st•ecls at a nearly uni form temperature in  a refrigerator or cooling 
l'OOlll . Of one lrnnclrrd seeds coll eeted on .Jnly 5th from under tlie 
trees \\·here they had fal len, none were found whieh were capable of 
!.:'ermi nat inn . .:\ l n n y  of t h em , or m;a rly all of t h e  s«ecls 1rrrc drc0111pns·. > < l 
*Imm e r! i at« l �- . 
:� 
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